Atty. Docket 2003P09049US 
Bueebirra/. 


METHOD AND APPARATUS FOR HUMIDXFXCATION OF THE MEM- 
BRANE OF A FUEL CELL 

BACKGROUND OF THE INVENTION 
5 The present invention relates to a method and an apparatus for exchanging 

humidity between the fuels in a fuel cell. A fuel cell has a stack-like structure with 
an electrolyte arranged between end plates. Between the electrolyte and one end plate 
is an anode, and between the electrolyte and the other end plate is a cathode. Solid 
and liquid electrolytes are known; as! the case may be, the electrolyte can be absorbed 

10 by a carrier structure or itself possesses the requisite solidity enabling it to be used in 
the cell. The operating temperatures also differ considerably and vary from ambient 
temperature to several hundred degrees C and above. 

It is customary to combine individual fuel cells to form a fuel cell stack, in 
order to obtain the desired operating voltage by connecting a suitable number of in- 

1 5 dividual cells in series. 

In one of the many known structural forms to which the invention can be ap- 
plied, a polymer electrolyte membrane (PEM) is used in the fuel cell. In operation 
the fuel cell is then supplied on the anode side with c.g, hydrogen in gaseous form 
and on the cathode side with e.g. ambient air containing oxygen. The hydrogen and 

20 oxygen are used here by way of a non-limiting example. 

In the present case for the sake of simplicity all reaction partners which par- 
ticipate in the chemical reaction in a fiiel cell are designated as fuels, as are their car- 
rier fluids (e.g. ambient air as a carrier fluid for the reaction partner O2). The fuels 
are present in fluid form. 

25 In the presence of a catalytic converter, e.g. platinum, the hydrogen molecules 

split into protons and electrons, while on the cathode side oxygen molecules absorb 
electrons and are ionized into O 2 " ions, Since the membrane is designed as a proton 
conductor, the protons formed on the anode side diffuse througji the membrane to the 
cathode; the electrons are supplied to the cathode via a separate electrical conductor, 

30 with an electrical load being inserted. The protons and oxygen ions react there to be- 
come water. 
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The protons are transported in the membrane in the form of H3O* ions; this is 
dependent upon the appropriate water content of the membrane. With a higher water 
content the ability of the membrane to conduct protons improves. The degree of op- 
erationally necessary humidity is therefore predetermined by the person skilled in the 
5 art, taking into account the parameters of the fuel cell and characteristics of the mem- 
brane, 

If the humidity is not substantially constant across the membrane, the fuel cell 
cannot be kept at an optimum operating point; areas of the membrane which are too 
dry reduce the production of current, since dryness makes it mote difficult for pro- 

1 0 tons to be transported through the membrane. 

In operation, the membrane continuously loses humidity, since as stated 
above, the protons are transported through the membrane via HsO + ions. Further- 
more, water is produced on the cathode side. In this way the air flow on the cathode 
side continuously becomes charged with humidity on its route across the membrane. 

15 In the area of the inlet, the air flow which is not as yet charged with humidity helps 
the membrane to dry out, while in the area of the outlet it tends to have excess hu- 
midity (condensation). 

As a result, the membrane is too dry on the inlet side, which as mentioned 
above is undesirable. If a fuel cell stack continues to be operated, the overly dry parts 

20 of the membrane of a fuel cell generate resistance via a corresponding production of 
heat, which, in turn, accelerates the drying out process. This leads to a significant 
reduction in cell output, overheating, and even destruction of the affected cell. 

Humidity refers not only to the presence of water, Just as the term "fluids" is 
used here to refer to all possible fuels, ,f humidity" refers to any substance which in 

25 the case of a given membrane (and given fuels) permits charges (such as protons in 
the case of PEM membranes) to be transported through the membrane. 

United States Patent 4 ? 973 ,530 discloses a method for regulating the humidity 
content in a fuel cell membrane by continuous addition of externally supplied water 
into the anode area and by continuous removal of humidity on the cathode side. For 

30 the addition of water a further membrane which is pervious to water is arranged next 
to the membrane of the fuel cell and the channel for the hydrogen is arranged in such 
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an alternating pattern that it is routed back and forth in a zigzag fashion first via the 
membtane of the fuel cell, then via the water-pervious membrane, until both mem- 
branes are fully covered and the residual hydrogen can be expelled to the outside. A 
further, also water-pervious membrane is used to remove humidity from the cathode 
5 area with the same zigzag routing arrangement, in that a dry gas is routed over the 
further membrane, absorbs the humidity to be discharged, and expels it to the out- 
side. 

It is further proposed to use hydrogen as a dry gas which is to be supplied to 
the anode area, with the advantage that the hydrogen then already contains a certain 

10 humidity before entering the area of the membrane of the fuel cell To construct a 
stack of fuel cells it is proposed to create common supply and discharge channels 
routed through the stack for all anode-side and cathode-side areas, including the ar- 
eas conveying water (for humidification) or a dry gas (for dehumidification), in that 
the same fluid-conveying lines are connected together through correspondingly cut 

1 5 holes in the membranes- 

It is now the object of the present invention to provide an improved fuel cell 
or a stack of fuel cells with controlled humidity management. 

SUMMARY OF THE INVENTION 

20 The present invention relates to a system and method for humidity manage- 

ment in a fuel cell. The present invention is advantageous because humidity is re- 
moved from the fluid flow expelled from the cathode area and is added to the fluid 
flow which flows into the cathode area, a simple humidity circuit is produced which 
can be achieved without any greater construction effort and in particular does not re- 

25 quire any further external gas or water circuits, as is the case in the above-cited prior 
art. Sufficient humidity needs only to be added to the fluid flowing into the cathode 
area as is necessary to keep the cathode-side inlet area of the electrolyte membrane 
above a critical humidity. Excess humidity can be expelled to the outside with the 
outflowing fluid. The same applies for the anode area. In the context of the invention 

30 both the cathode area and the anode area may be dehumidified. 
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If a stack of fiiel cells is formed from a plurality of fuel cells, it is customary 
to provide the individual fuel cells with common supply and discharge channels for 
the fuels, said channels running along or through the stack. Arrangements arc pre- 
ferred in which the supply and discharge channels terminate jointly at one end of the 
5 stack, the cathode-side connection of the respective fiiel cell to the humidity ex- 
changer associated therewith being kept separate from the same connections of adja- 
cent fuel cells. Only the dehumidified fluid expelled from the humidity exchanger is 
fed back into the discharge channel common to all fuel cells. 

As a result, not only is the drop in pressure the same for each fiiel cell in the 

1 0 fuel cell stack on the cathode side over the inlet in front of and the outlet after the 
humidity exchanger, but the volume flow or mass flow of fuels is also the same, so 
that the production of current is the same for each of the fiiel cells in the stack. This 
is of great importance, since otherwise comparatively low current-producing fiiel 
cells have to be powered by the rest of the stack, thereby reducing the efficiency of 

15 the stack- 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 
The novel features and method steps believed characteristic of the invention 
are set out in the claims below. The invention itself however, as well as other fea- 
20 tures and advantages thereof, are best Understood by reference to the detailed de- 
scription, which follows, when read in conjunction with the accompanying drawing, 
wherein: 

Figure 1 depicts a fuel cell stack according to the prior art, in schematic form. 
Figure 2 depicts a cross-section ihrough the stack in Fig. 1 in schematic form, with 
25 laterally routed fluid channels, 

Figure 3 depicts a fuel cell according to the present invention, in schematic form, and 
Figure 4 depicts a cross-section through a part of a fiiel cell stack according to the 
present invention, in schematic form. 

30 
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DETAILED DESCRIPTION OF THE INVENTION 
Figure 1 depicts schematically and by way of example a stack 1 of fuel cells 
fbitned from two PEM fuel cells la and lb- The fuel cell stack 1 may comprise 
many fuel cells, with stacks having approximately 100 fuel cells being common. The 
5 present invention may also be applied to other than PEM fuel cells. Each fiiel cell la, 
lb further comprises end plates 2a 5 2b, with the adjacent end plates of the cells la, lb 
here being combined to form a bipolar plate 3. The fuel cells la, lb of the stack 1 are 
constructed in the same way: between the end plates 2a or 2b and the bipolar plate 3 
is a polymer electrolyte membrane 4 in each of the cells la and lb. On opposite sides 

1 0 of membrane 4, i.e. on the side of the end plates 2a or 2b and on the side of the bipo- 
lar plate 3, an anode 5 or a cathode 6 is arranged- Channels 7a, 7b are used to supply 
gaseous fuels, in this case on the anode side H2, or a fluid containing H2 (channels 
7a) and on the cathode side O2 or ambient air or another fluid containing O2 (chan- 
nels 7b). It is known in principle in the prior art for the channels 7a and 7b to be de- 

15 signed such that the transported fluids can be supplied as evenly as possible to the 
whole membrane surface. 

For clarity purposes, the collection channels 10a and 10b (running along the 
lateral surfaces 80, 90 of the stack 1) for supplying (channels 10a) and discharging 
(channels 10b) fluid in the stack 1 are depicted in figure 2. They run along the sides 

20 of the stack and are connected with each of the fuel cells of the stack 1 via the re- 
spective channels 7a and 7b of the fiiel cells. Preferably the collection channels 1 0a 
and 10b are open at one end, e*g. in the case of the first fuel cell of the stack 1, and 
connected to the fluid supply unit of the stack, while the other end (in the case of the 
last fuel cell) is blind, i,e> closed. An electrical load 8 is connected to an anode 5 or a 

25 cathode 6 via a conductor 9. 

Figure 2 depicts in schematic form a cross-section through the fuel cell stack 
1 at the location of a membrane 4. The membrane 4 has a membrane body 13, via 
which protons are transported. Simultaneously, the membrane 4 has a sealing func- 
tion at its edges: first of all the edge sections 14 seal off the gas supply channels and 

30 discharge channels 10a and 10b which, as mentioned, run along the stack and feed 
the channels 7a and 7b (Fig 1)- Also shown is the channel 10c for the supply of cool- 
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ant and a channel lOd for discharge of the coolant, said channels also formed by edge 
sections 14- Additionally, the membrane 4 has sealing edge sections 15 for the edges 
of the end or bipolar plates 2a, 2b and 3. The sections 14 and 15 prevent undesired 
contact of the various media (fuels, coolant and ambient air). Also shown are re- 
5 cesses 16 for tensile elements which hold the fuel cell stack 1 mechanically together. 
The layout shown in Figs. 1 and 2 is known in principle to the person skilled in the 
art 

In operation, the pressure conditions described below prevail in the channels 
10a and 10b. Fluid supply (be it hydrogen or ambient air): at the inlet of the respec- 

10 tive channel 10a, 10b high dynamic pressure, generated by the fluid pump 1 associ- 
ated with the stack 1, and coirespondingly low static pressure; further back in the 
channel the dynamic pressure falls and the static pressure increases, until at the end 
of the channel (at the last fuel cell in stack 1) the dynamic pressure is at its lowest 
and the static pressure at its highest. The individual cells in the stack are thus fed 

15 with different pressures. 

The same conditions prevail in the case of fluid discharge: the individual cells 
feed the respective discharge channel l0a 3 10b along its length with the fluids to be 
discharged, so that toward the outlet of the channel 10a, 10b the dynamic pressure 
increases and the static pressure decreases. 

20 It is now advantageous to arrange the openings of the channels 1 0a and 1 0b at 

the same end of the stack 1. This configuration is described further in conjunction 
with Fig. 4. 

Fig. 3 shows in schematic form an "exploded view" of a fuel cell la or lb ac- 
cording to the present invention. 

25 Hie cell comprises a section A in which the electrochemical reaction for cur- 

rent generation takes place, and of a section B which is designed as a humidity ex- 
changer, sections A and B ate separated from one another by the operationally inter- 
acting webs 20 and 21. In turn, section A includes an anode area 22 and a cathode 
area 23. Section B includes a dehumidifying zone 24 and a humidifying zone 25. 

30 The areas 22 and 23 and the zones 24 and 25 are separated from one another by the 
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membrane 4 which extends through the whole cell la, lb (see Fig. 1). The mem- 
brane may comprise a variety of materials. 

The channels 7a, indicated by broken lines, run in the anode area 22, and hy- 
drogen flows through them in the direction of flow indicated by the arrows 32 and 
5 33, thereby covering the membrane 4 substantially evenly over the corresponding 
membrane section 26. In the cathode area 23 the channels 7b for even transport of 
oxygen or ambient air run across the other side of the membrane section 26. 

In the humidifying zone 25 ambient air (or oxygen) enters section B of the 
cell la, lb (arrow 30) via an inflow channel 28. The route of the inflow channel 28 

10 is depicted in simple foim so as not to overcomplicate the figure; however* the per- 
son skilled in the art will provide a route which is suitable for covering the whole 
membrane section 27 evenly. 

An outflow channel 29 with an outlet at the location of the arrow 31 is shown 
in the dehumidifying zone 24, once again purely schematically with a simple route in 

1 5 order not to overcomplicate the figure. It is within the scope of the present invention 
that this and other discussed routes be of different configurations as may result from 
design choice and/or application requirements. 

The humidity exchanger is thus situated in the inflow channel 28 or the in- 
flow line and in the outflow channel 29 or the outflow line for the fluid supplied and 

20 discharged on the cathode side. 

As mentioned, the sections A and B are separated from one another and 
sealed against fluid by the webs 20, 21, the membrane 4 also acting as part of the 
seal. Suitable sealing strategies are known to the person skilled in the art. The inflow 
channel 28 and the channel 7b of the cathode area 23 are connected via a channel 

25 section 32 passing under the web 21. The cathode area 23 and the outflow channel 
29 are connected via an inner uptake channel 33 formed by an opening or eye 37 of 
the webs 20, 21, the connection being shown in more detail in Fig. 4. The uptake 
channel 33 has side walls 33a and 33b. The membrane 4 has a corresponding open- 
ing for the unobstructed passage of the transported gas at the location of the uptake 

30 channel 33. 
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The membrane 4 is, as a polymer electrolyte membrane, pervious to water. 
Accordingly, in section A H 3 0 + ions from the anode area 22 can reach the cathode 
area 23 (via membrane section 26) and in section B water from the dehuinidifying 
zone 24 can reach the humidifying zone 25 (via membrane section 27). Naturally, 
5 instead of a single membrane different membranes may be used for section A and for 
section B respectively, and made of a different material if necessary. The person 
skilled in the art will select such an arrangement depending on the type of fuel used, 
the operating temperature and the type of humidifying medium* The use of different 
membranes lies within the scope of the present invention. 
1 0 This arrangement allows freshly supplied ambient air from inflow channel 28 

to pass membrane section 27, pick up humidity, and then to pass under the web 21 
via channel section 32 into channel 7b, where it spreads along the membrane section 

26 of the cathode area 23, and because of its increased humidity, prevents the mem- 
brane area 34, situated at the inlet of the channels 7b, from drying out. As it contin- 

15 ues on along the membrane section 26, the ambient air again picks up the humidity it 
loses in the membrane area 34, and then passes through the uptake channel 33 into 
the dehumidifying zone 24 of section B, where in the outflow channel 29 it again 
loses a considerable part of its humidity, since this penetrates the membrane section 

27 and is absorbed on the other side of the membrane 4 by the inflowing air. The re- 
20 quired humidity is thus part of a simple circuit and need no longer be regularly sup- 
plied from the outside, 

In the figure, the inflow and outflow of the fluid in the inflow channel 28 and 
outflow channel 29 have the same direction of flow, so that consequently the inflow- 
ing fluid is increasingly charged with humidity, and the fluid flowing in parallel loses 

25 humidity, until both (ideally) have the same humidity (namely half) compared to the 
original humidity differential. This "half 1 humidity value cannot be exceeded. 

If still more humidity is to be taken up into the inflowing fluid, an inflowing 
and outflowing fluid can be routed in the reverse flow through section B, with the 
consequence that the inflowing fluid is exposed on its route to section A to ever 

30 higher humidity of the outflowing fluid, since the humidity of the latter is greatest 
immediately after leaving section A, Though tiie inflowing fluid picks up more and 
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more humidity on its route to section A, the humidity of the fluid flowing on the 
other side of the membrane 4 also increases on this route, so that there is no limit on 
humidity to be transferred, as with parallel flow routing of the fluid, This arrange- 
ment is eg. advantageous if sufficient surface area is available in the humidity cx- 
5 changer. 

Figure 4 shows a partial cross-section along the line A*-A* of figure 3 
through a fuel cell stack 1 with three fuel cells n-1, n and n+1. The cells n and n+1 
may correspond to the cells la and lb of Figure 1. The ambient air route is shown 
out of the cathode area 23 into the outflow channel 29 of the dehumidifying zone 24 

1 0 with the sealing strategy for separating the various gas routes. 

At the end of its route through the cathode area 23 9 the ambient air passes un- 
der the web 21 through a channel 35, formed on the one hand by the side wall 33a of 
the eye 37 and on the other hand by the surface of the end plate 2a of the adjacent 
fuel cell (or of the surface of a seal - not shown - between the fiiel cells n and n + 1 

15 or la and lb)- The channel 35 routes the air into the uptake channel 33, through the 
opening 38 in the membrane 4 and via a further channel 39 via the side wall 33b of 
the eye 37 into the outflow channel 29. 

This arrangement enables the webs 20, 21 to interact along their entire length 
(including the eye 37) with a sealing effect with the membrane 4, i.e. this rests firmly 

20 on the webs 20, 21 and thus the various gases are unproblematically separated and 
sealed off from one another. 

Barriers 40 separate the superposed uptake channels 33 of each fuel cell la, 
lb and lc fluid-tight from one another, with the consequence that each fuel cell la, 
lb, lc (or section A thereof) has its own humidity exchanger (section B) and the flu- 

25 ids from each fuel cell la, lb and lc expelled on the cathode side remain unmixed. 
The route (Shown by a broken line) from the channel 35 of one fuel cell to the chan- 
nel 39 of the other fuel cell is blocked. 

The barriers 40 are of significance according to the invention if the fluid sup- 
ply and discharge channels are connected so that fluid supply or discharge take place 

30 from one end of fee stack 1 (cell 1 a here by way of example). The following pressure 
conditions then result in the stack 1: as shown in the description of figure 2, the static 
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pressure rises continuously in the fluid supply channel 10a or 10b from its entrance 
at cell la and reaches its maximum at the last cell lc, with the consequence that the 
individual cells 1 a, lb, lc are supplied with different, ever higher pressures. 

At its outlet each cell la to lc now feeds the fluid discharge channel 10a or 
5 10b, with the highest static pressure prevailing at the location of cell lc and the low- 
est at the location of cell la. 

The following conditions occur in the stack during operation; the pressure 
level in the fluid supply channel 10a or 10b is generally higher than in the fluid dis- , 
charge channel 10a or 10b, but the pressures are comparatively low on the supply 

1 0 and discharge side in the case of the first cell in the stack 1 and comparatively high in 
the case of the last cell. For each cell the pressure differential is the same over the 
inlet of the inflow channel 28 and the outlet of the outflow channel 29. The same ap- 
plies for inlet and outlet of the anode area. 

Thus the conditions are created whereby in each of the individual cells the 

1 5 same volume flow or mass flow of fuels essentially prevails as a result of the same 
pressure drop, and thus the intensity of the chemical reaction is the same, meaning 
that production of current is essentially the same in all cells. 

The barriers 40 (figure 4) now help to prevent a pressure equalization across 
the channels 33 in the stack 1 . The conditions described above continue to apply. 

20 If the barriers 40 are removed, the pressure is equalized in the channel 33 

which is now continuous (but closed at its end), so that in section A of each cell at 
the inlet of the cathode area a different pressure, rising from the first to the last cell, 
prevails, but at the outlet of section A (in channel 33) a lcvclcd-out pressure prevails, 
Un-equal pressure drop over section A for the different cells results in different vol- 

25 ume flow or mass flow of fiiel, causing the output of the individual cells to differ,, 
which can be undesirable and harmful, 

The figure shows a (schematic) routing of the fluid channels on the cathode 
side such that all channels are routed in the same fiiel cell. However, the optimum 
routing of the channels 7a and 7b may entail the channels 33 5 35 and 39 being routed 

30 through adjacent fuel cells, which does not exceed the scope of the invention. Inven- 
tively significant is the humidity circuit on the cathode side and the fact that prefera- 

10 
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bly with the help of the barriers 40 all cells in the stack 1 contain the same volume 
flow of florid on the cathode side from the same collection channels 10a and 10b (die 
same applies for the fluids on the anode side). 

The exemplary embodiments represented in the figures show how fluid enter- 
5 ing the cathode area can be humidified, in that the fluid exiting therefrom is dehu- 
midified and this humidity is supplied to the incoming fluid. Analogously, humidity 
can also be removed from the fluid expelled from the anode area and added to the 
fluid entering therein. The layout of such a fuel cell is then analogous to that shown 
in the figures and can be executed by the person skilled in the art with the aid of the 

1 0 present description. Naturally it is also possible to charge fluid supplied both to the 
cathode area and the anode area with humidity originating from the respective fluid 
outflow (humidity from the anode area is routed back thereto, and humidity from the 
cathode area is routed back thereto). 

The present invention can by analogy also be applied to direct methanol fuel 

15 cells (DMF). Although the drying-out of the membrane is not critical in such fuel 
cells, since methanol with water is used on the anode side, the ambient air used on 
the cathode side becomes charged with water recovered in accordance with the in- 
vention, so that a larger water loss can be avoided. Higher temperatures are permissi- 
ble, resulting in increased operational output. Water is not supplied separately. 

20 The principle of the present invention can also be used to remove humidity 

from the outflowing fluid of the anode area or cathode area of a cell and to supply it 
to the inflowing fluid of the other in each case, i.e. the cathode area or anode area. 
For example, pure hydrogen can be recirculated in the anode area (the hydrogen 
leaving the anode area is returned to the supply line to the anode area, so that all of 

25 the hydrogen supplied to the cell participates in the chemical reaction), the hydrogen 
being dehumidified after leaving the anode area and the humidity gained being added 
to the fluid entering the cathode area. In this way humidity leaving the anode area en- 
ters the cathode area. 

The invention being thus described, it will be obvious that the same may be 

30 varied in many ways. The variations are not to be regarded asi a departure from the 
spirit and scope of the invention, and all such modifications as would be obvious to 
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one skilled in the art are intended to be included within the scope of the following 
claims. 
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